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ABSTRACT: The direct synthesis of poly(styrene-b-ethlene) and its chain-end carboxylation have
been investigated by a combination of size exclusion chromatographyu (SEC) and 'H NMR spectro-
scopic analysis. The block copoymer and the chain-end carboxylated block copolymer are obtained
from the sequential ethylene monomer addition to poly(styryDlithium at 50 C in cyclohexane
and the direct reaction on poly(styrene-b-ethenyl) lithium including TMEDA with CO, gas, respec-
tively. The molecular weight of the polyethylene block is low due to the insolubility in hydrocarbon

solvent.

Introduction

Recently the synthetic methodologies for a va-
riety of block copolymers have been developed in
industry as well as in the academic field. Block
copolymers are useful as the compatibilizers in pol-
ymer blends or alloys.'? Especially, commercially
available “Kraton G” series, i.e., S-b-EB-4-S triblock
copolymers prepared by hydrogenation of the diene
block, have been used as the compatibilizer in the
polymer blend systems. Reactive compatibilization
using functionalized polymers is the other impor-
tant subject in the future research related to poly-
mer blends and alloys.

Direct synthesis of block copolymer and its func-
tionalization involving polyethylene will be very in-
teresting because ethylene gas monomer can be
anionically polymerized.>* Anionic polymerization
provides the best synthetic methodology to prepare
block copolymers and to achieve the chain-end func-
tionalizations.*® However, the generation of poly-
ethylene with a relatively high molecular weight ca-
nnot be achieved because of its insolubility in com-
mon hydrocarbon or polar solvents used for anionic
polymerization. Although this polymerization pro-
duces ethylene oligomer, the active chain end has
a living character. Poly(ethenyDlithium by anionic

polymerization of ethylene n-butyllithium can read-
ily generate not only the chain-end functionalized
polymers by using a variety of electrophiles as ter-
minating agents”® but block copolymers.’® Until
now, functionalized block copolymers containing pol-
yethylene block have not been mentioned in any
anionic polymerization.

In this respect, investigations on the generation
of block copolymer from styrene and ethylene and
its chain-end functionalization by using living poly-
styrene oligomer as a model compound are impor-
tant for a variety of applications such as polymeric
reagents. Herein, preliminary results on the study
for the possibility of the in-situ block formation and
its chain-end carboxylation will be reported.

Experimental

Materials. Styrene and cyclohexane (Fisher
Scientific Co.) were carefully purified as described
previously.!! Ethylene (Matheson Gas Products; C.
P. 99.5% Min.) was used without further purifica-
tion. sec-Butyllithium (Lithium Corp.; 12.0 wt% in
cyclohexane) was also used without further purifi-
cation. N, N, N’, N'-tetramethyleneethylenediamine
(Aldrich Chemical Co.; TMEDA) was stirred over
freshly ground CaH, for 1 day, followed by vacuum
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Figure 1. Schematic diagram for anionic block copolymerization of styrene and ethylene.

distillation into calibrated ampoules. Carbon dioxide
(CO2; 99.99%, H,0<2 ppm, Air Products) was used
as received. Methanol (99.9%, acetone free, ACS
certified, Fisher) for termination of living polymers
was degassed on the vacuum line.

Block Copolymerization. Living anionic poly-
merization of styrene was carried out at room tem-
perature in all-glass, sealed reactors using standard
high vacuum techniques.'? An aliquot of poly(styryl)
lithium was taken, followed by attachment of the
ampoule on the other reactor. After complete evac-
uation of the reactor in a high vacuum line, 100
mL of cyclohexane was distilled into the reactor.
Poly(styryD)lithium was then delivered into the re-
actor via the breakseal technique. The schematic
diagram for block copolymerization of poly(styryl) li-
thium with ethylene is shown in Figure 1. First,
all-glass, sealed line was evacuated. Ethylene mon-
omer was then purged into the reactor via a break-
seal (Figure 1). The pressure of the ethylene mon-
omer was held constant at 10 psi in the regulator
(A). Under that pressure, the anionic polymerization
of ethylene was carried out in cyclohexane at 50
C for 5~13 h with stirring.

Carboxylation. After completion of the polym-
erization, ethylene gas remained in the reactor was
thoroughly evacuated, the reactor was then sealed
off from the high vacuum line with a hand torch.
An aliquot of the living block copolymer solution
was taken, followed by termination with degassed
methanol. The reactor including the living block
copolymer remained was again attached to a high
vacuum line, followed by termination using CO, gas
under 4 L/min of pressure at room temperature
and precipitation in 0.1 N of HCl-methanol solution.
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Characterization. The terminated block copoly-
mers were precipitated in methanol, followed by
drying in vacuum for 24 hours. The polymer samp-
les were partially soluble in THF. In order to obtain
size exclusion chromatograms of the block copoly-
mers, the block copolymer was at first dissolved
in THF using a vial in a warm water bath at 30
C, followed by stirring. Then, size exclusion chro-
matographic analyses of the polymer samples were
performed at a flow rate of 1 mL/min with THF
as eluent at 30 C using a Waters HPLC system
equipped with five Ultra-p-styragel columns (two
10°, 10%, 10°, and 10° A). '"H-NMR spectrum of the
block copolymer was obtained in CDCl; on a Varian
Gemini-200 spectrometer.

Results and Discussion

Block Copolymerization. The synthetic routes
of the anionic block copolymerization of styrene
with ethylene and its chain-end carboxylation are
shown in Scheme I.

Living polystyrene was at first prepared using
a standard high vacuum technique as previously
described.® Its molecular weight and molecular wei-
ght distribution were 4.75X10° g/mol and 1.02°, re-
spectively. Thus, poly(styryDlithium was used as
the polymeric initiator in the anionic polymerization
of ethylene monomer for the generation of polysty-
rene-block-polyethylene copolymer. The block copo-
lymerization conditions are shown in Table 1. Origi-
nally, the maximum UV absorption of the complex
of N, N, N, N'-tetramethyleneethylenediamine
(TMEDA) and poly(styryDlithium in benzene ap-
peared at =350 nm, ie., dark red.® The color of
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Poly(styrene-b-ethylene) and Carboxylation
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Table I. The Reaction Condition in the Anionic
Block Copolymerization of Styrene and Ethylene

Monomer
[TMEDA] Reaction condition
Run no. —————  Solvent  Temp. Time
[PSLi] () (h)
PS-PE 1 8.7/1 Cyclohexane 50 13
PS-PE 2 7.6/1 Cyclohexane 50 5

the polymer solution turned into yellow with the
addition of ethylene monomer into the reactor.
Phenomenologically, this indicates that the active
species changes from poly(styryDlithium to poly-
(ethenyDlithium, Furthermore, it is well known that
the growing center in the anionic polymerization
of ethylene has a living nature.** On the basis of
this observation, poly(styryDlithium had to initiate
ethylene monomer resulting in the generation of
polystyrene-block-polyethylene.

Characterization. In the synthesis of poly(sty-
rene-b-ethylene) copolymer by the sequential mon-
omer addition in cyclohexane using poly(styryl)li-
thium containing TMEDA for the initiation of the
ethylene monomer, the polymer solution turned to
a turbid solution with time. This indicates that the
solubility of the block copolymer decreases with in-
creasing the content of the polyethylene fraction
in cyclohexane resulting in the precipiation of the
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Figure 2. Size exclusion chromatograms of polysty-
rene (—), poly(styrene-b-ethylene) (— — —), w-carbo-
xylated poly(styrene-b-ethylene) (—- —).

block copolymer. For size exclusion chromatogra-
phic analysis of the unfunctionalized and w-carbox-
vlated poly(styrene-b-ethylene)s, they were dissol-
ved in hot tetrahydrofuran. However, the solution
turned into a transparent emulsion at 30 T (light
blue color). Figure 2 shows size exclusion chroma-
tograms of the block copolymer (PS-PE 1 in Table
I) and the corresponding homopolystyrene. This is
simply a comparison of size exclusion chromatog-
rams. Thus, they can’t provide any information
about the apparent molecular weight after calibra-
tion with standard polystyrene samples because of
the insolubility of the poly(styrene-b-ethylene) in
THF resulting in the generation of a different hy-
drodynamic behavior compared to that of homopoly-
styrene.

Another important aspect in the living polymeri-
zation of ethylene is that the molecular weight of
polyethylene levelled off at a certain reaction time
under the similar reaction conditions (Table I). A
limited molecular weight of poly(styrene-b-ethylene)
is presumably due to the insolubility of polyethy-
lene in cyclohexane.

"H-NMR spectrum of the poly(styrene-b-ethylene)
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Figure 3. 'H-NMR spectrum of poly(styrene-b-ethy-
lene) synthesized by living anionic polymerization.

is shown in Figure 3. The chemical shift at 1.2 ppm
is assigned to the methylene group hydrogens (-C-
CH,-C-) (attached to sp® carbons) from the block
copolymer.” Furthermore, the formation of any
branch in the polyethylene block is not expected.
On the basis of these observations, polyethylene
prepared by the anionic polymerization presumably
forms linear chains as in most of the high density
polyethylenes.

Summary

Poly(styryDlithium was prepared by using a stan-
dard high vacuum technique, followed by the syn-
thesis of the polyethylene block by the sequential
monomer addition technique resulting in the for-
mation of poly(styrene-b-ethylene). It was found
that the anionic polymerization and its chain-end
functionalization could be performed using the eth-
ylene monomer gas. However, the anionic polymer-
ization of ethylene in solvents provided a limited
degree of polymerization because of the insolubility
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of the high molecular weight polyethylene. '"H-NMR
spectroscopic analysis of the poly(styrene-b-ethy-
lene) provided the information for the linear chain
formation of the polyethylene block. More data from
further study for this system will be published in
the future.
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